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(57) ABSTRACT

A film for in-molding is configured with a transfer film
which is transferred to a surface of an injection molding
resin, and a carrier film which is not transferred. The transfer
film includes a coloring layer which includes ink which is an
organic material formed of a thermoplastic resin and applies
a design to an in-mold molded product, and inorganic
polymer layers formed of a thermosetting resin, and the
coloring layer comes into contact with the inorganic poly-
mer layers and is interposed between the inorganic polymer
layers.
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FILM FOR IN-MOLDING, IN-MOLD
MOLDED PRODUCT, AND METHOD FOR
MANUFACTURING IN-MOLD MOLDED
PRODUCT

TECHNICAL FIELD

[0001] The present invention relates to a film for in-
molding, an in-mold molded product, and a method for
manufacturing the same. The invention more specifically
relates to a highly heat-resistant film for in-molding capable
of withstanding high temperature at the time of resin mold-
ing, an in-mold molded product obtained using the highly
heat-resistant film for in-molding, and a method for manu-
facturing the same.

BACKGROUND ART

[0002] In recent years, technologies relating to vehicles
generally used have rapidly changed. For aiming environ-
mental consideration and high efficiency of an engine, a fuel
has been developed from gasoline to hybrid, fuel cells, and
hydrogen batteries. A large number of resin molded products
is used in the interior of vehicles, in order to reduce a weight,
and the development of interior decoration of vehicles has
been proceeded in accordance with the usage of the resin
molded products to change the interior of the vehicles into
a comfortable space. Accordingly, decorative objects of the
vehicles are extremely highly needed.

[0003] Even in such an environment, in-mold molded
products are not sufficiently used in the interior of vehicles.
This is because that high-strength polycarbonate or the like
is used as a resin of the interior of vehicles, but a film for
in-molding capable of sufficiently withstanding a molding
temperature thereof is not provided and defects of appear-
ance occur in a process of manufacturing a molded product.
In addition to the interior of vehicles, polycarbonate or the
like is also used as a resin for molding in the exterior of
vehicles or the exterior of smart phones, and the same
problems described above occur. Hereinafter, a film for
in-molding, an in-mold molded product, and a method for
manufacturing the same of the related art will be introduced.
[0004] FIG. 7 shows a layer configuration of a film for
in-molding of the related art. A film for in-molding disclosed
in PTL 1 also has the same layer configuration as that of the
related art. The film for in-molding is configured with carrier
film 401 which is not transferred to an injection molding
resin and transfer film 402 which is transferred to the
injection molding resin.

[0005] Carrier film 401 is configured with base film 403
which is formed of a PET or acrylic film which continuously
supplies transfer film 402, and peeling layer 404 for peeling
transfer film 402 from base film 403. Transfer film 402 is
configured with protective layer or hard coat layer 405,
primer layer 406, coloring layer 408, hiding layer 410, and
adhesive layer 411. Protective layer or hard coat layer 405
is an outermost surface of an in-mold molded product and
has a function of protecting transfer film 402 from scratches
or contaminations. Primer layer 406 has a function of
connecting protective layer or hard coat layer 405 and
coloring layer 408 to each other. Coloring layer 408 includes
ink which is an organic material and has a function of
applying a color, a pattern, or a design to a surface of an
in-mold molded product. Hiding layer 410 has a function of
hiding a color of coloring layer 408 and adhesive layer 411
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has a function of bonding transfer film 402 to an injection
molding resin. As described above the film for in-molding is
configured with a plurality of layers.

[0006] FIG. 8 schematically shows a method for manu-
facturing an in-mold molded product of the related art. In the
method for manufacturing an in-mold molded product of the
related art, film for in-molding 604 described with reference
to FIG. 7 is fixed to movable die 606 by using film pressing
members 609. Then, film for in-molding 604 is sufficiently
shaped so that film for in-molding 604 is sucked by suction
holes 608 and bonded to a surface of a die of movable die
606.

[0007] After that, a cavity is formed between fixed die 605
and movable die 606 with film for in-molding 604 inter-
posed therebetween, and molten injection molding resin 612
is injected from gate 611 to fill the cavity. After the cavity
is filled with injection molding resin 612, injection molding
resin 612 is cooled and solidified. When movable die 606 is
moved, the transfer film of the film for in-molding is peeled
off from the base film and an in-mold molded product in
which a transfer film is formed on a surface of injection
molding resin 612 is obtained.

CITATION LIST

Patent Literature

[0008] PTL 1: Japanese Patent Unexamined Publication
No. 2003-246194

SUMMARY OF THE INVENTION

Technical Problems

[0009] However, in the layer configuration of the film for
in-molding of the related art described above, when in-
molding is performed using a molding resin such as poly-
carbonate and a resin obtained by including a glass filler to
the molding resin, a so-called gate mark failure is generated.
A gate mark is a phenomenon in which ink of a coloring
layer in the vicinity of a gate of a molded product does not
withstand an injection molding temperature of a resin to be
injected and flows towards a protective layer or a hard coat
layer. Due to occurrence of such failure, a quality of appear-
ance of an in-mold molded product is significantly deterio-
rated. Meanwhile, when an injection molding temperature is
set to be low, in order to prevent the generation of the gate
mark, the injection molding resin is not spread over the
entire die and failure such as filling insufficiency occurs.
There are two problems in a so-called trade-off relationship.
That is, in a case of performing in-molding using the resin,
the molding is not performed at a predetermined high
temperature, and accordingly, high heat resistance is neces-
sary for the film for in-molding.

[0010] A method of improving heat resistance of the film
for in-molding by mixing 2 liquid curing type ink in the
coloring layer is used, but when 40% by weight or more of
a curing agent is included in the resin which is a main agent,
the film hardly functions as a film due to cracks generated on
the film, and in a case of a film in which the content of the
curing agent is equal to or greater than 30% and less than
40% by weight, cracks are not generated, but the gate mark
is generated.
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[0011] The invention has been made to solve the afore-
mentioned problems of the related art and an object thereof
is to prevent occurrence of defects in an in-mold molded
product.

Solutions to Problems

[0012] A film for in-molding of the invention comprising
a transfer film which is transferred to a surface of an
injection molding resin; and a carrier film which is not
transferred. The transfer film includes a coloring layer which
includes ink which is an organic material formed of a
thermoplastic resin and applies a design to an in-mold
molded product, and inorganic polymer layers formed of a
thermosetting resin, and the coloring layer is into contact
with the inorganic polymer layers and is interposed between
the inorganic polymer layers.

Advantageous Effect of Invention

[0013] According to the invention, when the coloring
layer is interposed between the inorganic polymer layers, it
is possible to prevent an ink flow to the coloring layer and
to prevent occurrence of defects in an in-mold molded
product.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is an enlarged sectional view of an in-mold
molded product of Exemplary Embodiment 1 of the inven-
tion.

[0015] FIG. 2 is a diagram explaining a mechanism of
generating a gate mark failure in an in-molding method of
the related art.

[0016] FIG. 3 is a diagram explaining a mechanism of
preventing the gate mark failure in an in-molding method of
Exemplary Embodiment 1 of the invention.

[0017] FIG. 4 is an enlarged sectional view of an in-mold
molded product of Exemplary Embodiment 1 of the inven-
tion.

[0018] FIG. 5 is an enlarged sectional view of a film for
in-molding of Exemplary Embodiment 2 of the invention.
[0019] FIG. 6A is a diagram explaining a method for
manufacturing an in-mold molded product of Exemplary
Embodiments 1 and 2 of the invention.

[0020] FIG. 6B is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0021] FIG. 6C is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0022] FIG. 6D is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0023] FIG. 6E is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0024] FIG. 6F is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0025] FIG. 6G is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0026] FIG. 6H is a diagram explaining the same method
for manufacturing an in-mold molded product.

[0027] FIG. 7 is an enlarged sectional view of a film for
in-molding of the related art.

[0028] FIG. 8 is a diagram showing a method for manu-
facturing an in-mold molded product of the related art.
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DESCRIPTION OF EMBODIMENTS

Exemplary Embodiment 1

[0029] FIG. 1 shows a layer configuration of a film for
in-molding of Exemplary Embodiment 1 of the invention.
As shown in FIG. 1, the film for in-molding of this exem-
plary embodiment is a continuous film configured with
carrier film 101 and transfer film 102.

[0030] Carrier film 101 is a portion of the film for in-
molding which is not transferred to an injection molding
resin and is configured with base film 103 and peeling layer
104. Base film 103 has a function of continuously supplying
transfer film 102. Peeling layer 104 is used for peeling
transfer film 102 from base film 103.

[0031] Transfer film 102 is a portion of the film for
in-molding which is transferred to an injection molding
resin. Transfer film 102 is generally configured to have a
film thickness of 2 um to 50 pm inclusive. Transfer film 102
is, for example, configured with protective layer or hard coat
layer 105, primer layer 106, first inorganic polymer layer
107, coloring layer 108, second inorganic polymer layer
109, hiding layer 110, and adhesive layer 111, and transfer
film 102 is, for example, configured so that a thickness of a
layer having the greatest film thickness becomes 10 pm.
[0032] Protective layer or hard coat layer 105 is an out-
ermost surface of an in-mold molded product and has a
function of protecting transfer film 102 from scratches or
contaminations. Primer layer 106 has a function of connect-
ing protective layer or hard coat layer 105 and first inorganic
polymer layer 107 to each other. Coloring layer 108 includes
ink which is an organic material formed of a thermoplastic
resin, and has a function of applying a color, a pattern, or a
design to a surface of an in-mold molded product. Hiding
layer 110 has a function of hiding a color of coloring layer
108 and adhesive layer 111 has a function of bonding
transfer film 102 to an injection molding resin. Here, adhe-
sive layer 111, hiding layer 110, coloring layer 108, and
primer layer 106 are respectively organic materials formed
of a thermoplastic resin. Peeling layer 104 may not be
provided on base film 103, as long as a material has peeling
properties, even when protective layer or hard coat layer 105
is directly formed on base film 103.

[0033] Unlike the film for in-molding of the related art, the
film for in-molding of the invention has a layer configuration
in which transfer film 102 includes first inorganic polymer
layer 107 and second inorganic polymer layer 109, and
inorganic polymer layers 107 and 109 come into contact
with coloring layer 108 and interpose coloring layer 108.
Here, inorganic polymer layers 107 and 109 are respectively
formed of a thermosetting resin. When this layer configu-
ration is used, it is possible to prevent generation of a gate
mark failure, when manufacturing an in-mold molded prod-
uct. Hereinafter, the details thereof will be described.
[0034] The inventors had made intensive investigations
regarding reasons and measures of generation of a gate
mark, in order to prevent generation of a gate mark failure
in an in-mold molded product. In the initial stage of the
investigation, as the reason of the generation of a gate mark,
it was thought that a gate mark is generated due to an
injection molding resin flowing from an adhesive layer to a
coloring layer due to injection pressure and injection heat of
an injection resin. However, even when injection pressure
was slowly decreased, a state of the generation of the gate
mark did not change, and accordingly, it was thought that the
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main reason of the generation of the gate mark is because of
injection heat, not injection pressure. When a gate mark
portion was microscopically observed, it was found that, ink
of the coloring layer was not melted by injection heat, but
when the temperature of each layer respectively approached
a glass transition temperature, fluidity was applied to each
layer, and shearing was applied to a flow direction of the
injection resin, and a gate flow occurred to cause a gate
mark.

[0035] FIG. 2 is a diagram explaining a mechanism of
generating a gate mark in an in-molding method of the
related art. The same reference numerals are used for the
same constituent elements shown in FIG. 7 which was
referred to as background technology and the description
thereof will be omitted. Reference numeral 203 of FIG. 2
indicates an injection molding resin which is injected from
a gate. A resin heat of injection molding resin 203 is radially
spread and transferred to each layer in order. Accordingly,
the temperatures of adhesive layer 411, hiding layer 410,
coloring layer 408, and primer layer 406 formed of a
thermoplastic resin respectively approach a glass transition
temperature and each layer has fluidity. An ink flow of
coloring layer 408 occurs. The ink flow of coloring layer 408
gradually proceeds in accordance with the proceeding of the
filling of injection molding resin 203, and when the filling
thereof is completed, the ink approaches hard coat layer 405.
Accordingly, a gate mark is generated in an in-mold molded
product. When an in-mold molded product is in such a state,
it is difficult to obtain appearance with high quality.

[0036] FIG. 3 is a diagram explaining a mechanism of
preventing the gate mark failure in the in-molding method of
this exemplary embodiment. The same reference numerals
are used for the same constituent elements shown in FIG. 1
and the description thereof will be omitted. Reference
numeral 203 of FIG. 3 indicates an injection molding resin
which is injected from a gate.

[0037] In FIG. 3, a resin heat of injection molding resin
203 is radially spread, and the temperatures of adhesive
layer 111 and hiding layer 110 in the vicinity of the gate
respectively approach a glass transition temperature and the
layers flow. However, in a stage where adhesive layer 111
and hiding layer 110 flow, the transfer of the resin heat is
prevented. This is because second inorganic polymer layer
109 formed of a thermosetting resin is interposed between
hiding layer 110 and coloring layer 108. The characteristics
of inorganic polymer layer 109 formed of a thermosetting
resin are different from characteristics of coloring layer 108
formed with an organic material formed of a thermoplastic
resin, and inorganic polymer layer does not have fluidity but
a curing reaction is promoted therein, when heat is applied.
[0038] Accordingly, even when the temperature of color-
ing layer 108 formed of a thermoplastic resin approaches a
glass transition temperature due to an effect of heat of the
injection resin and the coloring layer has fluidity, the col-
oring layer is interposed between inorganic polymer layer
109 formed of a thermosetting resin which does not have
fluidity, and thus, the motion of coloring layer 108 and
hiding layer 110 formed of a thermoplastic resin is pre-
vented. Accordingly, the gate flow can be prevented. There-
fore, it is possible to prevent the gate mark failure caused by
the flow of ink.

[0039] Here, when the glass transition temperature of
inorganic polymer layers 107 and 109 formed of a thermo-
setting resin is higher than the glass transition temperature of
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coloring layer 108 formed of a thermoplastic resin, a layer
configuration in which the ink flow hardly occurs with
respect to a molding resin having a higher injection tem-
perature is obtained.

[0040] FIG. 4 is an enlarged sectional view of an in-mold
molded product manufactured through the in-molding
method shown in FIG. 3 and of an in-mold molded product
of this exemplary embodiment. Reference numeral 112 of
FIG. 4 indicates an injection molding resin in a cooled and
solidified state. In the film for in-molding, only transfer film
102 is transferred to a surface of injection molding resin 112
and the carrier film is not transferred thereto.

[0041] As the injection molding resin, polycarbonate, or
20% of a polyglass filler including a glass filler is used, for
example. The effects described above are confirmed, when
an injection temperature is, for example, equal to or higher
than 280° C. and equal to or lower than 320° C., and more
specifically, an injection resin temperature is 300° C., a die
temperature is 100° C., and a cycle time is 45 seconds.
[0042] When forming inorganic polymer layers 107 and
109, a sol-gel method is preferably used. Specifically, a
sol-gel coating material including a thermosetting resin
permeates primer layer 106 and coloring layer 108 and is
dried to form inorganic polymer layers 107 and 109. When
a thermosetting resin in the sol-gel coating material perme-
ates primer layer 106 and coloring layer 108, a thermosetting
resin in the sol-gel coating material enters primer layer 106
and coloring layer 108 together with a solvent and fixed
therein, and accordingly, an anchor effect is efficiently
obtained between inorganic polymer layers 107 and 109
which are formed of a thermosetting resin and provided
between primer layer 106 and coloring layer 108 formed of
a thermoplastic resin. When heat is applied to inorganic
polymer layers 107 and 109 in this state, a curing reaction
of inorganic polymer layers 107 and 109 is further pro-
moted, a crosslink density of inorganic polymer layers 107
and 109 is increased, and it is possible to improve strength
of the layers.

[0043] Inorganic polymer layers 107 and 109 may be
configured with only a matrix resin or may include metal
oxide microparticles. An effect of including metal oxide
microparticles is as follows. When metal oxide micropar-
ticles are added into the inorganic polymer, voids are formed
between the matrix resin and the metal oxide. When voids
are included in the inorganic polymer layers, it is possible to
exhibit a thermal insulation effect or elasticity at the time of
molding.

[0044] As the matrix resin, a silicone resin formed of a
siloxane bond or a resin having a molecular structure in
which zirconia or titania is included in a main skeleton, such
as metal alkoxide, zirconium alkoxide, or titanium alkoxide
is considered.

[0045] As the metal oxide, it is preferable that one or more
kinds meal oxide is selected from silicon oxide, magnesium
oxide, cryolite, calcium oxide, aluminum oxide, boron
oxide, zirconium oxide, titanium oxide, hafnium oxide, and
cerium oxide, for example. Metal oxide microp articles other
than the above-mentioned metal oxides may be used, as long
as the same effect is obtained.

[0046] It is desirable that a proportion of the oxide par-
ticles is equal to or greater than 5% by mass and equal to or
smaller than 90% by mass. When the proportion of the oxide
particles is smaller than 5% by mass, a thermal insulation
effect and elasticity at the time of molding are not suffi-
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ciently exhibited in inorganic polymer layers 107 and 109,
and in a case where the proportion thereof is greater than
90% by mass, it is difficult to maintain interlayer adhesive-
ness between inorganic polymer layers and an organic
material formed of a thermoplastic resin.

[0047] Films for in-molding in which a film thickness of
inorganic polymer layers 107 and 109 formed as described
above is 0.01 pm, 0.05 pm, 0.2 um, 0.4 pm, and 0.5 um were
formed, in-mold molded products were manufactured using
these films for in-molding, and generation of a gate mark
was observed. When the film thickness of inorganic polymer
layers 107 and 109 was 0.01 pm, the effect was slight, and
when the film thickness thereof was equal to or greater than
0.2 um, cracks were generated due to thermal contraction at
the time of drying in a stage of manufacturing a film. It was
also found that, when a structure in which coloring layer 108
is interposed between first inorganic polymer layer 107 and
second inorganic polymer layer 109 was not provided, an
effect of preventing a gate mark was small. It was found that,
when the film thickness of inorganic polymer layers 107 and
109 was 0.4 um, gate mark resistance was obtained, but after
forming a deep-drawing molded product, the film did not
follow the extension at the time of molding, ink cracks were
generated in corners of the molded product, and it was
difficult to provide a product having appearance with high
quality. Accordingly, the film thickness of the inorganic
polymer layers which is equal to or greater than 0.05 pm and
smaller than 0.2 pm can be considered as a film thickness
having gate mark resistance and extensibility so as to
withstand even a deep-drawing molded product.

[0048] Base film 103 of carrier film 101 is configured with
a material such as a PET or acrylic film, and a film thickness
thereof is generally selected in a range of 20 um to 100 pm
inclusive and is, for example, 50 um. Peeling layer 104 is
formed on base film 103 so that the film thickness thereof
becomes, for example, 0.1 um to 3 pm inclusive.

[0049] As a method of providing inorganic polymer layer
107 on primer layer 106 of transfer film 102, a wet method
is used. For example, any one of a coating method and a
printing method may be used. As the printing method,
gravure printing, screen printing, or ink jet printing is used.
In a case of gravure printing, a standard film thickness is 0.1
to 2 um inclusive for a layer, in a case of screen printing, a
standard film thickness is 0.5 to 3 um inclusive for a layer,
and in a case of ink jet printing, a standard film thickness for
alayer is 0.5 to 10 um inclusive for one layer. It is preferable
that the film thickness for a layer is 0.1 to 10 um inclusive.
The film thickness for a layer which is smaller than 0.1 um
is not suitable for decoration, because a desired color cannot
be realized. A case where the film thickness for a layer is
greater than 10 pm means that the film thickness of the
transfer film is great, and accordingly, foil cutting properties
on a part line of a die at the time of molding are deteriorated.
This is because, when foil cutting properties are deterio-
rated, quality of appearance of edges of an in-mold molded
product is deteriorated.

[0050] The layer configuration of the invention may be
obtained by using the single printing method or in combi-
nation of the plurality of printing methods described above.
Specifically, each layer of transfer film 102 is formed so that,
in regards to an average film thickness of each layer con-
figuring transfer film 102, the average film thickness of
protective layer or hard coat layer 105 is 5 um, the average
film thickness of primer layer 106 is 2 um, the average film
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thickness of coloring layer 108 is 2 pm, the average film
thickness of inorganic polymer layer 109 is equal to or
greater than 0.05 pm and smaller than 0.2 pm, the average
film thickness of hiding layer 110 is 2 um, and the average
film thickness of adhesive layer 111 is 2 pm. As protective
layer or hard coat layer 105, an after-curing type layer is
used, for example. In this exemplary embodiment, the layers
other than coloring layer 108 and inorganic polymer layers
107 and 109 are not compulsory constituent elements, and
accordingly, the usage thereof is determined in accordance
with purposes.

Exemplary Embodiment 2

[0051] FIG. 5 is an enlarged sectional view of a film for
in-molding of Exemplary Embodiment 2 of the invention
and is a view obtained by further enlarging a part of the
enlarged sectional view. The same reference numerals are
used for the same constituent elements shown in FIG. 1 and
the description thereof will be omitted. A film for in-molding
of Exemplary Embodiment 2 of the invention includes
porous fillers 301 in first inorganic polymer layer 107 and
second inorganic polymer layer 109 interposing coloring
layer 108. When a film for in-molding having this configu-
ration is manufactured, a film for in-molding in which a gate
flow hardly occurs even when an injection resin is used at a
higher temperature is provided. Other configurations are the
same as those in Exemplary Embodiment 1 and therefore,
the description thereof will be omitted.

[0052] In the film for in-molding of Exemplary Embodi-
ment 2, since first inorganic polymer layer 107 and second
inorganic polymer layer 109 include porous fillers 301, it is
possible to improve heat resistance of first inorganic poly-
mer layer 107 and second inorganic polymer layer 109 and
prevent thermal conduction to coloring layer 108 or primer
layer 106. That is, in Exemplary Embodiment 1, the motion
of coloring layer 108 is stopped by interposing coloring
layer 108 having a temperature approached to a temperature
for flowing between inorganic polymer layers 107 and 109,
whereas in Exemplary Embodiment 2, in addition to the
effects described above, it is possible to prevent that the
temperature of coloring layer 108 approaches a temperature
at which the coloring layer flows. The temperature of the
film could not be measured due to problems, but the effects
were confirmed, when an injection temperature is from 310°
C. to 340° C., specifically, an injection resin temperature is
325° C., a die temperature is 110° C., a cycle time is 45
seconds, and a molding resin material includes 40% of
polyglass filler.

[0053] An average particle diameter of porous fillers 301
is preferably in a range of equal to or greater than 0.01 um
and smaller than 0.05 pum, but it is not particularly limited,
as long as a thermal insulation effect is obtained. As the kind
of porous fillers 301, silica or talc which is semitransparent
and has a little effect on a color of ink is effective, but it is
not particularly limited, as long as a thermal insulation effect
is obtained. The metal oxides described above may be used
as the porous fillers. A method for manufacturing porous
fillers 301 is not particularly limited, either, as long as it is
a method capable of manufacturing porous fillers 301 having
a thermal insulation effect. When silica is used as an
example, various kinds of silica such as spherical silica or
colloidal silica, ground silica, or porous silica are provided
depending on a difference in processing method. An amount
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of'porous fillers 301 added is not particularly limited, as long
as a thermal insulation effect is obtained when performing
injection molding.

[0054] Next, an example of a specific process of manu-
facturing an in-mold molded product using the film for
in-molding of Exemplary Embodiments 1 and 2 will be
described with reference to FIGS. 6A to 6H. First, in a step
shown in FIG. 6A, film for in-molding 604 is transported by
foil feeder 607 so that predetermined designs such as a color,
a pattern, or a design to be realized by a coloring layer of a
transfer film are disposed at a predetermined position
between fixed die 605 and movable die 606. At this time, the
film for in-molding is transported so that a carrier film of
film for in-molding 604 faces movable die 606 and an
adhesive layer of film for in-molding 604 faces fixed die
605. Film for in-molding 604 is heated to a predetermined
temperature in advance by preheater 615 before molding to
have elasticity so that film for in-molding 604 is sufficiently
shaped in accordance with dies in the next step.

[0055] Then, in a step shown in FIG. 6B, film for in-
molding 604 is sucked from suction holes 608 opened on a
cavity surface of movable die 606 to tightly attach film for
in-molding 604 to the cavity surface of movable die 606.
Accordingly, film for in-molding 604 is shaped in accor-
dance with the cavity surface. At this time, film for in-
molding 604 is fixed by frame-shaped film pressing mem-
bers 609 and film for in-molding 604 is positioned.

[0056] Then, in a step shown in FIG. 6C, movable die 606
is moved to clamp fixed die 605 and movable die 606
together, and a cavity is formed. At this time, film pressing
members 609 are accommodated in accommodation
recesses 610 (see FIGS. 6A and 6B) formed in fixed die 605.
[0057] Next, in a step shown in FIG. 6D, molten injection
molding resin 612 is injected towards an adhesive layer of
film for in-molding 604 from gate 611 of fixed die 605, fixed
die 605 and movable die 606 are clamped together, and
accordingly, molten injection molding resin 612 is injected
into the cavity formed. Thus, the cavity is filled with molten
injection molding resin 612.

[0058] After the filling with molten injection molding
resin 612 is completed, in a step shown in FIG. 6E, molten
injection molding resin 612 is cooled to a predetermined
temperature and solidified. Then, in a step shown in FIG. 6F,
movable die 606 is moved to release fixed die 605 and
movable die 606 from each other. At this time, transfer film
603 attached to a surface of solidified (formed) injection
molding resin 612 is peeled off from carrier film 602.
Accordingly, it is possible to obtain in-mold molded product
613 having a surface to which only transfer film 603 is
transferred. In-mold molded product 613 obtained is in a
state where a protective layer or a hard coat layer of transfer
film 603 appears on the surface.

[0059] Next, in a step shown in FIG. 6G, knock-out pins
614 are pressed out from fixed die 605 to extract in-mold
molded product 613. After the extracting of in-mold molded
product 613 is completed, in a step shown in FIG. 6H,
suction of carrier film 602 to the cavity surface due to
suction from suction holes 608 of movable die 606 is
stopped and film for in-molding 604 is transported by foil
feeder 607 to be prepared for next molding. At this time, film
for in-molding 604 heated to a predetermined temperature in
advance by preheater 615 is transported so that predeter-
mined designs such as a color, a pattern, or a design to be
realized by the coloring layer thercof are disposed at a
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predetermined position between fixed die 605 and movable
die 606. By repeating these steps, it is possible to continu-
ously manufacture in-mold molded product 613.

[0060] As described above, when a coloring layer of a film
for in-molding is interposed between inorganic polymer
layers and porous fillers, for example, are included in the
inorganic polymer layers, it is possible to realize a state in
which the film for in-molding follows the extension at the
time of shaping and no gate mark is generated, during the
manufacturing process of an in-mold molded product, and
thus, a molded product having appearance with high quality
is obtained.

INDUSTRIAL APPLICABILITY

[0061] A polycarbonate resin or a high-temperature mold-
ing resin obtained by mixing glass fillers thereto was mainly
used for the interior of vehicles or exterior of smart phones,
and a decorative film having heat resistance when perform-
ing decoration of a molded product using in-molding was
required. With the invention, it is thought that the spread of
the film for product purposes is further accelerated.
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1. A film for in-molding comprising:

a transfer film which is transferred to a surface of an
injection molding resin; and

a carrier film which is not transferred,

wherein the transfer film includes a coloring layer which
includes ink which is an organic material formed of a
thermoplastic resin and applies a design to an in-mold
molded product, and inorganic polymer layers formed
of a thermosetting resin, and

the coloring layer is into contact with the inorganic
polymer layers and is interposed between the inorganic
polymer layers.

2. The film for in-molding of claim 1,

wherein a glass transition temperature of the inorganic
polymer layers is higher than a glass transition tem-
perature of the coloring layer.

3. The film for in-molding of claim 1,

wherein the inorganic polymer layers are formed by using
a sol-gel method.

4. The film for in-molding of claim 1,

wherein the inorganic polymer layers comprise metal
oxide microparticles and an inorganic matrix resin, and
a proportion of the metal oxide microparticles is from
5% by mass to 90% by mass inclusive.

5. The film for in-molding of claim 4,

wherein the metal oxide microparticles are porous fillers.

6. The film for in-molding of claim 1,

wherein a film thickness of each of the inorganic polymer
layers is equal to or greater than 0.05 um and smaller
than 0.2 pm.

7. The film for in-molding of claim 1,

wherein the carrier film comprises in a stacked state,
a base film which continuously supplies the transfer

film, and
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a peeling layer which is provided for peeling the
transfer film from the base film, and

the transfer film comprises in a stacked state,

a protective layer or a hard coat layer which protects an
in-mold molded product,

a primer layer which connects the protective layer or
the hard coat layer and the inorganic polymer layers
to each other,

a first inorganic polymer layer which is a part of the
inorganic polymer layers,

the coloring layer,

a second inorganic polymer layer which is a part of the
inorganic polymer layers,

a hiding layer which hides a color of the coloring layer,
and

an adhesive layer which bonds the transfer film to an
injection molding resin.

8. An in-mold molded product comprising:

the transfer film of the film for in-molding of claim 1; and

an injection molding resin having a surface to which the
transfer film is transferred.

9. A method for manufacturing an in-mold molded prod-

uct comprising:

disposing the film for in-molding of claim 1 between a
first die and a second die;

flowing a molten injection molding resin into a cavity
formed by clamping the first die and the second die
together;

cooling and solidifying the injection molding resin flowed
into the cavity; and

releasing the first die and the second die from each other
to extract an in-mold molded product including the
cooled injection molding resin and the transfer film
formed on a surface of the in-mold molded product.
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